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INTRODUCTION
Some approaches to blind quality assessment proposed the use of watermarking as in [21] . This approach may not be suitable for medical applications as it introduces unwanted artefacts into the region of interest (ROI) of the medical image or video frame of interest which may affect the sought after medical information for diagnosis purposes. A recent work considers a white image ("static pattern") and compares the original frame (at the transmitter) and the received frame (at the receiver) with it, assessing then the difference [25] . While the correlation with subjective results is reasonable, this is not high enough for medical images. All NR and RR techniques reported in the literature vary in complexity and processing requirements [34, 35] and may not particularly answer the needs in a telemedicine application.
In this paper, we present a reduced reference image and video quality assessment method targeting ultrasound telemedicine and mobile healthcare applications. The proposed method does not need extracted features from the original image/video for quality assessment, does not introduces unwanted artefacts into the region of interest, and achieves a high accuracy in quality estimation.
The paper is organized as follows: In Section 2, we describe the new approach. In Section 3, we introduce the main materials and methods used for our investigations. In section 4, we compare objective metric results obtained from the proposed approach with their full reference (FR) counterparts and we present relationships linking the two sets of metrics. In Section 5, we present comparisons of the metrics obtained from the new method with subjective tests based on Differential Mean Opinion Score for HEVC sequences. Finally, Section 6 concludes the paper.
THE PROPOSED LOGO BASED METHOD

Method description
The proposed method exploits the black unused areas in a medical ultrasound image or video frame. This approach relies on inserting a pre-known reference ultrasound image of smaller size ("logo") in an unused black area of the original frame of interest.
The reference logo frame is known in advance and is representative of a typical ultrasound frame of the medical organ of interest. There is therefore no need to acquire the original full frame for quality evaluation and this method could hence be considered "No-Reference" from this point of view. A small overhead is however associated to the transmission of the logo instead of the black area, hence we refer to this method as reduced reference.
During processing and transmission through the communication channel (for instance a wireless channel), the logo will undergo the same effects and degradations as the original frame or region of interest (ROI) in the frame. Possible pre-processing functions applied to the logo include compression, interleaving to randomize the effect of bursty errors during transmission and insertion of error correction coding and redundancy data for protection in a similar way to the ROI or the whole original frame.
At the receiving end, analysis is done on the pre-known logo part to determine objectively its quality. The obtained logo quality is highly correlated to the overall target frame of interest as will be shown below and subsequently the system reports the quality of the overall frame and informs the medical experts of the figure of merit, hence enabling them to judge the validity of the received ultrasound frame before diagnosis.
Once the quality evaluation process is concluded, the logo part can be discarded and replaced back by black pixels or voxels to minimize any possible distraction to the medical experts examining the original frame for diagnosis purposes. It is also possible to replace the logo area at this final stage by the quality evaluation value indicating a pass or fail.
Several tests were performed by the authors to decide on a suitable logo size in a typical ultrasound frame. It was found that a representative logo of one sixteenth the size of the original frame (or a quarter of each dimension of the main frame) is adequate to obtain high correlation coefficient values (more than 0.9) between the quality of the original frame and the logo under varying noise and compression conditions, as will be presented in the following section.
An illustration of the proposed method is presented in Fig. 1 and Fig. 2 .
We propose hence to use the quality evaluated on the logo based on a full reference objective metric as an estimation of the quality of the full frame. Fig. 1 
Objective full reference metrics
The proposed metric can be obtained for instance based on the following objective quality metrics.
1) The first metric we use is the Peak Signal to Noise Ratio (PSNR) defined as:
, (1) where D is the bit depth and MSE is the Mean Square Error given by: ,
where I is the original uncompressed and distortion free image frame of size L ×W and I' is the modified image frame after being compressed or subjected to other form of processing or distortion.
2) The second metric we use is the Mean Structural SIMilarity (MSSIM), which is designed to improve the accuracy with respect to PSNR and MSE metrics and is shown to perform better than PSNR for medical ultrasound images [29] . SSIM relies on combining the luminance, contrast and structure comparison of two image window blocks x and y of the whole image and is defined as:
, (3) where µ is the average, σ 2 is the variance and σ xy is the covariance of the luminance values in the window blocks. C 1 and C 2 are two small value variables to stabilize the division. MSSIM is a quality measurement over the entire image frame as follows:
,
where M is the total number of windows applied to the frame.
The logo-based metrics we propose (QL PSNR and QL MSSIM ) can be evaluated based on the two objective quality metrics above. Other objective quality metrics can be evaluated by applying the same methodology. The logo-based metric represents a good estimation of the actual quality of the full image/video sequences as will be shown in Section 4.
MATERIALS AND METHODS
Medical data-set considered
The performance of the objective VQA metrics is evaluated on nine original medical ultrasound videos, with a frame resolution of 640 x 416. Each video sequence has 100 frames, encoded at 25 frames per second (fps). Of the nine ultrasound videos, three videos are related to the heart and liver each, two for kidney, and one video is related to the lung. An example frame of each medical video sequence used in the tests is shown in Fig. 3 Fig . 3 An example frame of the nine ultrasound video sequences used for validation
Summary of tests
We first investigated the impact of varying the Gaussian noise level on the logo quality estimation. This was followed by an investigation of the impact of JPEG 2000 compression with nine different compression ratios as examples of degradation that can impact the quality of the ultrasound frame.
For the evaluation of the impact of HEVC compression, the sequences were compressed at eight different Quantization Parameter (QP) levels using the HM reference software provided by the Joint Collaborative Team on Video Coding (JCT-VC) team [37] . For further details and the description of the conditions of the subjective tests, the reader is referred to [29] . The results of these investigations are presented in Section 4. Finally, we compared objective HEVC results and subjective test results in Section 5.
ANALYSIS AND NUMERICAL RESULTS FOR OBJECTIVE TESTS
In this section, several objective quality metrics are compared for the logo and the main frame to demonstrate the validity of the proposed method under varying noise and compression conditions as examples of degradation or distortions that can affect the medical ultrasound frames. Correlation figures are obtained and relationships linking logo and main frame metrics are presented. The compression and redundancy overheads will be also discussed.
Comparison of the Metrics on logo and main frame with varying Gaussian Noise Levels
Different tests were performed on the raw ultrasound main frames. A logo size of 160 × 104 pixels, which is a quarter of each dimension of the main frame or one sixteenth of the size of the original frame total number of pixels, was selected as the most suitable in terms of size and obtained correlation coefficient values (> 0.9) among those tested. This logo size was selected to fill as much as possible the black (top right unused region) of the frame which results in good correlation values as will be shown below.
For these tests, we used one pre-known frame of the medical organ in question (e.g. heart) as a logo that was inserted
in each of the nine tested sequences. Averaging was then done to obtain a single value for the logo quality and the main frame quality at different noise levels.
Results of the considered quality metrics evaluated on the logo and on the main frame with varying Gaussian noise levels are shown in Fig. 4 (a) for PSNR and (b) for MSSIM. Nine medical sequences were tested as detailed in [29] . 
, (6) The R-square and Spearman rank goodness of fit values were above 0.9 for all studied cases as shown in Table 1 . 
Comparison of the Metrics on logo and main frame for JPEG2000 compression with different Compression Ratios
Different tests were performed to evaluate the effect of compression on the obtained quality metrics for the main frame and the logo. JPEG2000 compression was selected as an example of a compression standard. The logo size was again a quarter of the main frame size. For these tests, we used one pre-known frame of the medical organ in question (e.g. heart) as a logo that was inserted in each of the nine tested sequences. Averaging was then done to obtain a single value for the logo quality and the main frame quality at different compression ratios.
Results of the different quality metrics with varying compression ratios are shown in Fig. 6 (a) for PSNR and (b) for MSSIM. Fig. 7 shows the XY relationships between the main frame and logo metrics in the case of JPEG2000 compression.
It is concluded that high correlation coefficient values (> 0.9) are obtained with the selected logo size for all the metrics. Table I 
, (8) The R-square and Spearman rank goodness of fit values were above 0.9 for all studied cases as shown in Table 1 . Table 2 presents an example of the size of a compressed ultrasound frame with and without the added logo, for different JPEG 2000 compression ratios (CR) for a raw portable pixmap format (ppm) frame of 798.735 kbits. The associated overhead is also reported. It is shown that the overhead due to the logo in the compressed frame is negligible for all the studied cases and is lower than the overheads of RR methods reported in literature (e.g. [22, 23] ). 
Overheads
Tests with HEVC Sequences
Nine different medical ultrasound videos sequences compressed using High Efficiency Video Coding (HEVC) [22] [23] [24] were tested using the new technique. The ultrasound sequences were related to different organs (e.g. heart, liver, lungs). Eight different quantization parameter (QP) levels (27 to 41 in steps of 2) of the HEVC encoder were tested for each sequence [29] . Tests were first carried out to obtain the average correlation coefficients of the logo with main frame objective metrics. This was then followed by a comparison of subjective Differential Mean Opinion Scores (DMOS) results with objective logo metrics as will be shown in the next section.
The results of the individual and average correlation coefficient between the logo metrics (QL PSNR and QL MSSIM ) and the corresponding average main frame metrics are summarized in Table III If we were to use five sequences (Sequences 1, 2, 4, 6, 9) selected at random (instead of the nine sequences used above) to train the logo quality estimation system, the maximum error in the estimated main frame quality for the other four sequences would be approximately 0.5% for PSNR and 0.3% for MSSIM.
SUBJECTIVE TESTS INVESTIGATIONS AND RESULTS
A group of four medical experts and 16 viewers with no medical expertise provided DMOS results for the nine HEVC sequences and eight different QP levels. Medical experts assess the sequences based on diagnostic quality while non-experts assess the sequences from a visual quality perspective. The subjective test results were obtained using the double stimulus continuous quality scale (DSCQS) as recommended in ITU-R-BT.500-11 [36, 29] .
Differential Mean Opinion Score (DMOS) results were then computed as summarized in Table 4 . These subjective results were then compared with the logo objective metrics using PSNR and MSSIM metrics. An example of
comparative results for the different tested sequences is shown in Fig. 9 for the case of logo MSSIM metric.
Individual and average logo correlation coefficients were finally obtained as shown in Table 5 . It is concluded that high correlation coefficients (> 0.9) between the logo metrics and DMOS subjective results are obtained. The highest average correlation value is obtained using the logo MSSIM metric. If we were to use five sequences (Sequences 2, 3, 4, 7, 8) selected at random (instead of the nine sequences used above) to train the logo quality estimation system using the subjective test results, the maximum error in the estimated quality for the other four sequences would be approximately 2.5% for PSNR and 0.6% for MSSIM. It is concluded that the MSSIM metric gives the smallest error in the estimation of quality.
A comparison of Video Quality Assessment (VQA) metrics for HEVC in medical ultrasound was presented in [29, 30] . The average QL MSSIM correlation results obtained above are comparable to the SSIM, the Video Information Fidelity (VIF) [31] and the Universal Quality Index (UQI) [32] metric results reported in [29] and better than VQM [33] metric results also reported in [29] . We highlight that while the metrics considered in [29] require the original image as reference, this is not required by the method presented in this paper.
CONCLUSIONS
A new method for image and video quality assessment (IQA/VQA) of medical ultrasound applications was presented. The new technique relies on inserting a pre-known reduced size logo with the same characteristics (i.e. similar organ of interest and layout) as the original frame of interest. The logo is inserted in a redundant or unused part of the original frame for quality evaluation purposes. Tests have shown that high correlation of the quality metrics (> 0.9) is achieved when the logo size is a quarter in each dimension (i.e. one sixteenth) of the main frame size. The effect of noise and compression were evaluated for PSNR and MSSIM. It was shown that the overhead due to the logo in the compressed image is negligible for the tested JPEG2000 frames. HEVC objective and subjective test results revealed high correlation coefficient values between the logo and the used metrics. The MSSIM metric gives the best correlation results.
The presented technique can be extended and applied to other medical applications such as CT, MRI and X-ray frames and to other image and video applications where a logo can be inserted in a redundant area of the frame without affecting the main content.
